Highly branched fatty acids known as neo acids were prepared from hexene-1 or octene-1 using Koch reaction and their corresponding neo alcohols were prepared by reduction of the acids with LiAlH4. They were used for synthesis of diester-type lubricating oils.
olefin and the product also differs in composition depending on the reaction conditions5). Although Koch reaction is generally carried out in CO under pressure (500-2000 psig), the reaction can also proceed under atmospheric pressure of CO generated in situ by the reaction of sulfuric acid and formic acid. By this formic acid method4a),b), C7-and C9-neo acids were produced. They were reduced to their corresponding neo alcohols by LiAlH4 in the present investigation. These acids and alcohols were esterified with glycols and dibasic acids, respectively. These diesters are good lubricating oils. It has previously been pointed out10),11) that those esters derived from neo acids and alcohols possess better stability and resistance to hydrolysis than those possessed by non-neo-type esters. The esters prepared in this study were also good lubricating oils characterized with high viscosity index and low pour point. In the above the sulfuric acid acted as a proton donner and, at the same time, it effected the generation of CO in situ, reacting with the formic acid. Thus, it is important to select the proper molar ratio of the reactants. The optimum conditions for preparation of neo acids were explored and the results obtained are given in Table 1 2.3 Preparation of diesters Eight kinds of diesters suitable for lubricants were prepared by esterification of the neo acids and their corresponding alcohols with glycols and dibasic acids, respectively. A known procedure17) was used. One mol of neo acid (or alcohol) and 0.4mol of glycol (or dibasic acid) were esterified in the presence of p-toluenesulfonic acid (3%) and xylene (300ml), as entrainer, to remove the water formed azeotropically; the xylene was returned to the reaction mixture with the Dean-Stark trap. The mixture was heated until no further separation of aqueous phase occurred in the trap. The reaction mixture was washed repeatedly with water to remove the water soluble materials. The mixture was neutralized with an aqueous 10% Na2CO3 solution and washed with water to remove unreacted acid. The solvent was evaporated and the residue was distilled under reduced pressure and the diester in the yield of 70-75% was obtained.
The properties of the diesters as lubricating oils were determined by conventional methods and they are shown in Tables 2 and 3 .
Results and Discussion
As can be seen from the experimental results Table  1 that the highest yield of neo acid can be obtained acid and about 10mol of sulfuric acid. Under these reaction conditions, the maximum yield of C7-acid was 74%. It is reported4a),9) that CO pressure affects the structural distribution of products and that higher CO pressures are more favorable to the formation of secondary acids, because CO adds to the intermediate carbonium ion before it isomerizes to the more stable tertiary ion. On the other hand, lower CO pressures do not interfere with the isomerization of the intermediate carbonium ion. For example, the experimental results4a) on the reaction of pentene-2 showed that selectivity for secondary acid formation decreased from 40 to 20.3% as the CO pressure was decreased from 30 to 10 atm, and only tertiary acids were obtained when the reaction was carried out under CO pressure of 1-5atm.
Taking the above findings into consideration, the product of the present experiment should be substantially tertiary acids. In fact, the results of IR and NMR spectra were consistent with the above consideration, and GLC exhibited two large peaks which corresponded5) to 2-methylpentane-2-carboxylic acid and 3-methylpentane-3-carboxylic acid when hexene-1 was used as the starting material. Similarly, the major products from octene-1 are probably 2,2-dimethylhexane carboxylic acid and 2-methyl-2-ethylpentane carboxylic as has been reported previously.8)
The preceding observations12), 15) 
